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SUMMARY 
Fl ight  t e s t s  were conducted with a director-type radar f i re -cont ro l  
system, with scope presentation of the steering information, t o  deter-  
mine the e f f ec t s  of attack-display smoothing on the p i l o t ' s  tracking and 
s teer ing effectiveness i n  tail-chase and lead-col l is ion beam attacks.  
The p i l o t  manually f i l t e r e d  noise appearing on the at tack display 
when low values of the time constant of the attack-display noise f i l t e r s  
were used. As  a r e su l t ,  reducing the attack-display time constant from 
approximately 2 seconds t o  0.9 second did not  impair h i s  tracking and 
s teer ing effectiveness.  The reduced time constant decreased the inherent 
time lags  i n  the s teer ing signals presented t o  the p i l o t  and thereby 
increased the  speed with which the f i re-control  system indicated s teer ing  
errors .  
INTRODUCTION 
Fl ight  investigations of various character is t ics  of a director-type 
radar f i re -cont ro l  system i n  automatic and manually controlled at tacks 
are  reported i n  references 1 t o  3. 
s teer ing obtained during these investigations indicated t h a t  the amount 
of noise present on the s teer ing signals shown on the attack display 
affected the a b i l i t y  of the p i l o t  t o  track a t a rge t  effect ively.  For 
example, when s teer ing information i s  computed from noisy radar input 
s ignals  and i s  presented, unsmoothed, on an at tack display, such e r r a t i c  
steering-dot motions r e s u l t  t h a t  the p i lo t  i s  unable t o  t rack effect ively.  
Smoothing the s teer ing  signals eliminates the  objectionable noise, but 
only a t  the expense of introducing undesirable lags  between the  computed 
s teer ing  s iF -a l s  and those appearing on the at tack dis@ay. SmDo%hing 
of the s teer ing s ignals  a lso limits the p i l o t ' s  a b i l i t y  t o  rapidly detect  
the build-up of s teer ing e r rors  due t o  target  maneuvers. 
Experience with attack-display 
Thus, the 
Title, Ccnfidential .  * 
CONFIDENTIAL 
a. e a .  
a .  a * . . .  e 
* . e . .  
a .  e .  . e * *  ..a* e.. ...e a * .  ..a ..e .a a .  a .  a .  . e  a ..a e e.. a. a. . 
* a  e . .  .a* .  
2 ***: *..a a * .  ..a ..a *coNpID*&e**  * *  NACA RM ~ 5 8 ~ 2 1  
selection of smoothing f i l t e r s  f o r  the s teer ing signals represents a 
compromise between a noisy s teer ing dot and excessive lags  i n  presenting 
smoothed s teer ing information t o  the p i lo t .  
The human p i l o t  has a demonstrated a b i l i t y  t o  change both gain and 
time constant while engaged i n  a simple tracking task.  
human character is t ics ,  discussed a t  length i n  references 4, 5 ,  and 6, 
a r e  of par t icu lar  i n t e r e s t  since the attack-display s teer ing problem, 
where the p i l o t  concentrates on the motions of a simple s teer ing  index, 
i s  essent ia l ly  a simple tracking task.  Thus, when the p i l o t  uses h i s  
inherent a b i l i t y  t o  vary h i s  gain and h i s  time constant, a moderately 
noisy s teer ing dot i s  not expected t o  materially impair the over-al l  
tracking performance. 
These variable 
The purpose of t h i s  investigation was t o  determine the minimum 
amount of s teer ing s ignal  smoothing t h a t  would be acceptable t o  the 
p i l o t  i n  representative at tack s i tua t ions .  
of electronic noise f i l t e r i n g ,  normally included i n  a f i re -cont ro l  
system t o  provide the p i l o t  with a smooth s teer ing dot, would decrease 
the inherent lags i n  the s teer ing s ignals  appearing on the at tack display 
which would, i n  turn,  increase the capabi l i ty  of the p i l o t  t o  detect  and 
compensate fo r  ta rge t  maneuvers more rapidly. 
A reduction i n  the amount 
EQUIPMENT AND TECHNIQUES 
Fire  -Control Sys tern 
For t h i s  investigation an E-4 director-type f i re -cont ro l  system was 
used which presented s teer ing information t o  the p i l o t  on a ?-inch 
attack-display oscilloscope. Complete descriptions of t h i s  f i re -cont ro l  
system are  given i n  references 7, 8, and 9. A typ ica l  attack-display 
c i r cu i t  diagram i s  shown i n  f igure 1. All adjustable parameters a f f ec t -  
i n g  the motions of the s teer ing  dot on the at tack display, except the 
Smoothing f i l t e r s ,  were held a t  t h e i r  design leve ls  except where other- 
wise noted. In tail-chase at tacks the steering-dot s e n s i t i v i t y  w a s  
equivalent t o  a pro jec t i le  time of 4 seconds ( r e f .  3).  In  all at tacks 
the  steering-dot scale f ac to r  was 24 yds/sec/in. ( r e f .  3 ) .  The noise- 
f r ee  s t a t i c  gearing of the s teer ing dot i n  lead  co l l i s ion  maneuvers w a s  
80 mils/in. 
Smoothing. - Second-order f i l t e rs  i n  the azimuth and elevation 
channels are  used t o  f i l t e r  radar noise from the s teer ing  s ignals  appear- 
i ng  on the at tack display. 
1/(1+T,p) (l+T,p), are  composed of two f i r s t -o rde r  f i l t e r s  i n  cascade 
as shown i n  figure 1. 
f i r s t -order  approximations of these second-order f i l t e r s  i s  used t o  
These second-order f i l t e r s ,  of the form 
For convenience, the time constant, Tq, of the 
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i den t i fy  the pa r t i cu la r  f i l t e r  being studied, t h a t  i s ,  the assumption i s  
made tha t  Tq = T ~ + T ~ .  Calculated t ransient  response cha rac t e r i s t i c s  
shown i n  f igure  2 demonstrate the va l id i ty  of this  assumption. 
measured steering-dot t rans ien t  response cha rac t e r i s t i c s  f o r  the  various 
f i l t e r s  a re  given i n  f igure  3. Data measurements were made a t  the scope 
face f o r  a s tep  input  i n t o  the swnming network on the  l e f t  i n  f igure  1 
demodulator c i r c u i t .  The ac tua l  values of the f i l t e r  time constants 
and capacitance (C1andCE) used i n  these f i l t e r s  a r e  gLven i n  tablg I. 
The 
.&-*d incyG& the time lags the srLost..ing filters ald iii yLie cyqpei; 
T ~ ,  T ~ ,  and T, and of the components of res i s tance  (R R,, and R,) & '  
Quick indicat ion.-  A t yp ica l  method used t o  p a r t i a l l y  compensate 
f o r  smoothing lags  i s  t o  i n s e r t  a lead term, ca l l ed  "quick indicat ion,"  
i n t o  the attack-display c i r c u i t  i n  the form of a normal-acceleration 
s igna l  as shown i n  f igure 1. 
steering-dot motions due t o  own-ship motions appear on the a t tack  display 
without the usual time lag.  The method and theory of t h i s  form of quick- 
ening are  discussed i n  d e t a i l  i n  references 7 and 8. 
sat ion,  the  gain K q  of the normal-acceleration term, AZ, should be 
adjusted so t h a t  the quick-indication lead term, KqAZ, should exact ly  
cancel the smoothing f i l t e r  time constant, Tq. Because of c i r c u i t r y  
problems associated with the complexity of the  E-4 f i re -cont ro l  system, 
it was not  always possible t o  obtain values of KqAz t h a t  would exac t ly  
cancel Tq. However, f o r  the tail-chase and lead-col l is ion a t tacks  used 
i n  the present invest igat ion the maneuvers of the  a i r c r a f t  were s m a l l ,  
and the e f f e c t s  of incomplete compensation a re  believed t o  be negl igible .  
With t h i s  form of quick indicat ion,  
For proper compen- 
Te s t Te c h i  que s 
F l igh t  t e s t s  were conducted i n  tail-chase and lead-col l is ion beam 
a t tacks  t o  obtain t racking charac te r i s t ics  t yp ica l  of those encountered 
during the f i r i n g  of guided missi les  o r  unguided rockets. Maneuvers 
requir ing rapid f l ight-path changes were not included because inherent 
l imi t a t ions  i n  the space s t ab i l i za t ion  o f  the  radar antenna ( r e f .  1) 
made maneuvering data  unreliable f o r  comparative purposes. 
Tail-chase at tacks.  - Tail-chase attacks,  r e q d r i n g  extreme precis ion 
i n  the control  of the a i r c r a f t ,  were conducted a t  a f ixed range of 
approximately 1000 yards with the t e s t  conditions t a i l o r e d  t o  minimize 
the  dynamic e f f ec t s  of range r a t e ,  antenna r a t e s ,  antenna angles, and 
steering-dot s e n s i t i v i t i e s  on the behavior of the s teer ing  dot. Noise 
inputs  t o  the f i re -cont ro l  system were assumed t o  be constant throughout 
the s e r i e s  of t e s t s .  The noise appearing on the a t tack  display w a s  
varied by changing the smoothing f i l t e r s .  
r a d i a l  gun-line wander w a s  used as a measure of the weapon system 
The root-mean-square (rms) 
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effecti\-eness, axd the rms steering-dot wander from the center of the 
at tack display was used as a measure of the p i l o t ' s  s teer ing effectiveness.  
Lead-collision beam at tacks.-  Lead-collision at tacks were conducted 
Radar lock-on w a s  obtained a t  ranges between 12 and 
with the f l i g h t  path of the at tacker  approximately 90' from the f l i g h t  
path of the t a rge t .  
15 miles s l an t  range. In  t h i s  s e r i e s  of tes ts  the system dynamics and 
noise e f f ec t s  varied throughout the at tack although it w a s  assumed t h a t  
the variations were similar i n  a l l  attacks.  Gun-line wander w a s  not  
obtained since the interceptor  i s  only required t o  be within 53 i n  the 
i n i t i e l  phase, 51' i n  the f i n a l  a t tack phase, and on t a r g e t  i n  elevation 
only in  the terminal guidance phase. P i l o t ' s  s teer ing  effectiveness w a s  
indicated by the rms radial steering-dot wander from the center of the 
steering reference on the at tack display i n  the f i n a l  a t tack phase 
(phase 11) and by the rms elevation steering-dot wander i n  the terminal 
guidance phase (phase 111). 
0 
Test Aircraf t  
The tes t  vehicle used i n  t h i s  study w a s  an F-86D all-weather i n t e r -  
ceptor. For the tail-chase at tacks,  F-86A and F-84F airplanes were used 
as targets,  and f o r  the lead-collision beam at tacks,  a B-47 airplane w a s  
used as the t a rge t .  A l l  f l i g h t s  were conducted a t  30,000 f e e t  with a 
target-interceptor speed r a t i o  of 1:l. The ta i l -chase at tacks were con- 
ducted a t  M = 0.70; the  lead-collision at tacks were conducted a t  
M = 0.80. 
RFSULTS AND DISCUSSION 
Tail-Chase Attacks 
The e f f ec t s  of attack-display smoothing on the manual tracking 
character is t ics  i n  tail-chase at tacks a r e  shown i n  f igures  4 and 5 .  
Abrupt discont inui t ies  i n  tracking effectiveness data ( f i g .  4 ( a ) )  and 
i n  the s teer ing effectiveness data ( f ig .  4 ( b ) )  ind ica te  a possible 
change i n  p i lo t ing  technique when the attack-display smoothing time 
constants a r e  reduced below 1.32 seconds. Time h i s t o r i e s  shown i n  
figure 5 indicate  t h a t  the p i lo t ing  technique i s  changed between t i m e  
constants of 1.32 seconds and 0.86 second. 
With a constant noise input t o  the f i re -cont ro l  system, it i s  
reasonable t o  assume t h a t  the steering-dot wander would increase as the 
attack-display smoothing time constants a r e  decreased. It i s  a l so  
reasonable t o  assume t h a t  a corresponding increase i n  gun-line wander 
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would occur as long as the p i lo t ing  techniques remain the same. The 
discont inui ty  i n  the curves shown i n  figure 4 occurs when the time con- 
s t a n t  i s  s u f f i c i e n t l y  small t h a t  the p i l o t  tends t o  f i l t e r  manually by 
s teer ing  t o  the estimated mean posi t ion o f  the s teer ing  dot. 
of p i l o t  f i l t e r i n g  i s  demonstrated i n  figure 4 by the f a c t  t h a t  the gun- 
l i n e  wander remains f ixed while the steering-dot wander increases rapidly 
( T q  = 0.86 sec t o  = 0.41 sec j .  The increase i n  steering-dot wander i n  
t h i s  case i s  the d i r e c t  result of the increase i n  noise shown on the 
at tack displ-ay as the resi-11-L nf the decrease i n  the t i ze  canstants of the 
smoothing f i l t e r s .  
noise-free, mean gun-line wander, and the estimatedl equivalent noise- 
f ree ,  mean steering-dot wamler are shown i n  f igures  4(a) and 4 (b ) ,  
respectively.  
The presence 
For comparative purposes, the fixed-sight ( r e f .  3 ) ,  
An in te rac t ion  between own-ship motions and steering-dot motions 
w a s  noted i n  reference 1. The p i l o t  attempts t o  follow a noisy s teer ing  
dot with control-st ick motions t o  a t t a i n  the desired tracking precision; 
t h i s  dis turbs  the radar antenna and produces addi t ional  steering-dot 
motions t h a t  can be termed "pilot-induced noise." A n  example of the 
r e s u l t s  of pilot-induced noise can be seen from a comparison of the t i m e  
h i s t o r i e s  of f igure 5(a) ,  i n  which t h e  p i lo t  attempted t o  follow the 
noisy s teer ing  dot, with the time h i s to r i e s  of f igure 5(b),' i n  which the 
p i l o t  f i l t e r e d  manually. 
f o r  the decrease i n  gun-line wander and steering-dot wander i n  f igure 4 
when the  p i l o t  f i l t e rs  manually. 
indicates  t h e  range of time constants where the p i l o t  may or may not  be 
able t o  follow the instantaneous steering-dot motions. 
The decrease i n  pilot-induced noise may account 
The crosshatched area shown i n  f igure 4 
The results i n  figure 4 indicate  that similar tracking character-  
i s t i c s  a re  obtained when the p i l o t  f i l t e r s  manually ( T  
when t y p i c a l  values of attack-display smoothing ( T ~  = 2.08 sec)  a re  used. 
This suggests a possible way of decreasing lags  i n  the at tack display 
without impairing system performance. If  the p i l o t  f i l t e r s  manually, 
the attack-display smoothing time constant can be reduced from approxi- 
mately 2 seconds t o  0.9 second. 
95 percent of  a s teer ing e r r o r  would be decreased from 5 t o  2 seconds 
(see f i g .  3 ) .  
p i l o t  t o  detect  and correct f o r  t a r g e t  errors more rapidly. 
= 0.86 sec)  and 
A s  a resu l t ,  the  time t o  indicate  
Such a decrease i n  steering s igna l  l a g  should enable the 
Lead-Collision Beam Attacks 
The s teer ing  effectiveness data shown i n  t a b l e  I1 and t he  steering- 
dot t i m e  h i s t o r i e s  shown i n  figure 6 were obtained i n  combat-type lead- 
co l l i s ion  beam at tacks against  a B-47 j e t  bomber, 
t iveness data i n  t ab le  I1 s h m  that the average s teer ing  effectiveness 
IEstimated from steering-dot data obtained with a s ingle  corner- 
r e f l e c t o r  t a r g e t  t h a t  was considered t o  be e s s e n t i a l l y  noise free. 
The s teer ing  effec-  
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i n  lead-collision beam at tacks with an 0.86-second t i m e  constant and 
mmunl f i l t e r i n g  compares favorably with corresponding s teer ing-  
effectiveness data obtained with a normal 2.08-second attack-display 
t i m e  constant. 
The p i l o t  preferred the lower t i m e  constant even though the s teer ing  
dot was nois ie r  than with normal 2.08-second time constant. With the 
lower t i m e  constant, the  p i l o t  w a s  able t o  detect  and correct  f o r  t a r g e t  
errors  before the e r ro r s  b u i l t  up t o  the point where large a i r c r a f t  
maneuvers were required. N o  s teer ing  problems associated with the  noisy 
s teer ing dot were reported. 
The steering-dot t i m e  h i s t o r i e s  i n  figure 6(a) show t h a t  the p i l o t  
has l i t t l e  d i f f i c u l t y  i n  maintaining the noisy s teer ing  dot within the 
boundaries of the reference c i r c l e s  during the at tack when an 0.86-second 
smoothing f i l t e r  i s  used. 
during t h e  f i n a l  a t tack phase (phase 11) which cannot be corrected during 
the terminal guidance phase (phase 111) because of lags  i n  the at tack 
display due t o  the 2.08-second smoothing time constant. 
type were not  obtained when the 0.86-second attack-display t i m e  constant 
w a s  used. 
display time constant. 
Figure 6(b) i l l u s t r a t e s  how an e r r o r  can develop 
Errors of t h i s  
Improved terminal guidance can be expected with a lower at tack-  
The p i l o t ' s  a b i l i t y  t o  f i l t e r  manually permits the use of a low 
attack-display time constant without causing the tracking and s teer ing  
effectiveness t o  deter iorate .  This caa r e s u l t  i n  an e a r l i e r  detection 
of target  motions and hence an increased probabi l i ty  of a successful 
attack. 
advantageous i n  attacks on maneuvering t a rge t s .  
Such an increase i n  the a b i l i t y  t o  detect  t a r g e t  motion may be 
SUMMARY OF RESULTS 
Fl ight  t e s t s  were conducted t o  examine the e f f e c t s  of attack-display 
smoothing on the p i l o t ' s  tracking and s teer ing  effectiveness i n  mild 
maneuvers associated with tail-chase tracking and with the f i n a l  phases 
of lead-collision beam attacks.  The results indicated t h a t  the p i l o t  
can manually f i l t e r  noisy s teer ing  information and therefore  the b u i l t - i n  
time lags  i n  attack-display s teer ing  information can be reduced. The 
p i l o t ' s  s teer ing  effectiveness with an 0.86-second attack-display t i m e  
constant and a noisy s teer ing dot compared favorably with the s teer ing  
effectiveness obtained with a 2-second attack-display time constant and 
a smooth s teer ing  dot. I n  lead-col l is ion beam at tacks,  terminal guidance 
w a s  improved with the reduced t i m e  constant. 
CONFIDEWIAL 
Reducing the time constant of the attack-display smoothing f i l t e r s  
from 2.08 seconds t o  0.86 second decreased the inherent lags  due t o  
smoothing. The resu l t ing  increase i n  the capabi l i ty  of the  p i l o t  of a 
manually operated interceptor  t o  detect  t a rge t  motions more rapidly 
increases the poss ib i l i t y  of a successful attack. The increase i n  the 
a b i l i t y  t o  detect  t a rge t  motion may be advantageous i n  a t tacks on 
r,.&-le-i"-e i-iilg targets . 
Ames Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 
Moffett Field,  Calif . ,  May 21, 1958 
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TABLE I. - FILTER PARAMETERS 
I I 
Load 
3 . 77 .ui~Q 
R 3  
meg 
c, 
mfd 
0 10.27 
*l 
meg 
0.w 
*w 
*50 
.50 
.5O 
. y ~  
I 
R2 
meg 
1-57 
1.33 
1-59 
LOO 
1.04 
1.29 Y .327 1.48 
c2 
mf d 
0.215 
,214 
-275 
1.00 
1.76 
1.99 
71 
sec 
0.32 
19 
- 
.28 
.4% 
.48 
50 
- 
_I_ 
COhT IDEMTIAL 
- 
T2 
sec 
0.09 
067 
- 
- 
1.04 
1.60 
2.30 
2.70 
- 
T9 
sec 
0.41 
.86 
1.32 
2.08 
2.78 
3.20 
TABLF: 11.- STEERING EFFECTIVENElSS I N  LEAD-COLLISION BEAM ATTACKS 
- 
rms s t ee r ing  - do t wander 
phase I1 ( r ad ia l )  
in. yd/sec 
0.140 3.38 
.121 2.92 
239 5.76 
.210 5.06 
.364 8.78 
.226 5*45 
Average .216 5.23 
9 157 3.78 
.212 5.11 
.181 4.36 
.188 4.54 
.222 5.35 
.162 3 991 
Average . l 7 l  4.52 
Note: All  tracking performance 
Target : 
Interceptor:  
B-47 a t  M = 0.80, 3O,OOO f t  
F-86D a t  M = 0.80, 30,000 f t  
rms steering-dot wander F i l t e r  time 
phase I11 (elevation only) constant, T~ 
i n .  y d/s e c sec 
0.038 0.92 0.86 
.029 70 86 
,125 3.02 .86 
.111 2.68 .86 
.096 2.32 86 
.014 034 .86 
.069 1.66 
-035 83 2.08 
079 1.90 2.08 
.196 4.72 2.08 
.038 9 92 2.08 
.088 2012 2.08 
.188 4.54 2.08 
.io3 2.14 
data l i s t e d  above were measured from 
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